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57 ABSTRACT 
A pulsed light emitting diode used as the light source in 
a photoelectric scanner is operated from a secondary 
power source which automatically adjusts the power to 
the LED approximately inversely proportional to fre 
quency as the modulating frequency of the scanner is 
adjusted over a range, so that the average power of the 
LED remains approximately constant, within safe oper 
ating limits and close to optimum, over the range of 
adjustment. In the preferred embodiment this is accom 
plished by operating the LED from a capacitor used as 
a secondary power source without a series current lim 
iting resistor for the LED. Peak current is determined 
by the forward characteristics of the diode and the 
voltage on the capacitor, and an impedance controls the 
recharging of the capacitor during the off time such that 
the desired average power characteristics are achieved 
as operating frequency varies. 

8 Claims, 1 Drawing Figure 
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AUTOMATIC POWER CONTROL FOR 
MODULATED LED PHOTOELECTRIC DEVICES 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field of photoe 
lectric scanners, and particularly to scanners using a 
pulsed or modulated light emitting diode as the light 
transmitting element. 

BACKGROUND OF THE PRIOR ART 

Photoelectric scanners are widely used in industrial 
control systems for measurement or detection of objects 
passing through a light beam passing between emitter 
and receiver portions of the scanner system. Most scan 
ner systems use light emitting diodes (LED's) as the 
light emitting element because they have a number of 
advantageous electrical and optical properties. Virtu 
ally all LED scanner systems use a modulated or pulsed 
mode of operation for the LED, as opposed to continu 
ous operation. Pulsed operation permits the receiver to 
be AC coupled so that it will be immune to ambient or 
steady state light, and it also permits operating the LED 
at a high peak power with a low duty cycle in order to 
keep the average power within the limit for the particu 
lar LED. The higher peak power means that the scan 
ner can be operated at a longer range, i.e. with a greater 
optical path length between emitter and receiver. 

In modulated LED scanner systems the choice of 
modulation or pulse frequency is a compromise be 
tween conflicting requirements for response time and 
range. The reason for this is that most receivers are 
designed either to integrate or count pulses received, 
and to respond only to the receipt of a certain number of 
consecutive pulses. This operation is used to provide 
noise immunity to avoid false operation due to high 
frequency light sources such as fluorescent and vapor 
lamps or other photoelectric controls, or due to electri 
cal interference. Since a specific number of pulses must 
be received successively in order for the control to 
provide a true change in output signal, it is apparent that 
the response time is inversely proportional to the fre 
quency of operation, and that a high frequency would 
be desirable to minimize response time. However, due 
to requirements of the light receiving circuitry, it is 
generally necessary that the duration of the individual 
emitted light pulses be held to at least some minimum 
value, for example 10 microseconds. Since this duration 
cannot be reduced as the repetition rate is increased, the 
result is an increase in the duty cycle for the LED, 
which means that the LED would be operated at higher 
average power levels with increasing frequency. It is 
therefore necessary to select the peak power during a 
pulse of the LED in conjunction with the duty cycle to 
keep average power within safe limits for the particular 
LED. Thus a trade-off is possible between fast response 
time and shorter range, or slow response time and 
longer range. Because of this trade-off some manufac 
turers have provided several models of each type of 
scanner designed to different response time and power 
ranges to meet different needs for different applications. 
However, that involves additional cost in manufactur 
ing and maintaining a larger inventory of parts, both for 
the manufacturer and for large users who have to stock 
a number of different models for different applications. 

It would be possible to provide a switch or potenti 
ometer on the scanner to adjust the frequency of opera 
tion and thereby adjust the response time. However, 
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2 
that would require that the power to the LED be set for 
the worse case (highest frequency) and therefore would 
provide no benefit regarding maximizing range. To 
maximize range it would be necessary to adjust the 
power to the LED as the adjustment to operating fre 
quency were made. This oould be done by providing 
switches or matched potentiometers that would switch 
or change component values in both the frequency 
determining circuits and the LED power determining 
circuits, but these solutions are costly, both in terms of 
cost of manufacture and in terms of requirement for 
space in the device, many of which are miniaturized for 
flexibility of applications. In the case of switches, there 
is a further disadvantage of not providing continuously 
variable parameters for adjustment to specific needs. If 
matched potentiometers were used, they would have to 
be matched to a high degree of precision so that the 
LED power could be safely adjusted to optimum corre 
sponding to each change in frequency, and the high 
precision would add to cost of manufacture. 

SUMMARY OF THE INVENTION 

These and other problems existing in the prior art are 
overcome by the present invention, which provides for 
automatic adjustment of LED power to optimize range 
as frequency is changed. 
The present invention provides an improved modu 

lated light source for a photoelectric control including 
a light emitting diode and a secondary power supply for 
the light emitting diode, which is a capacitor in the 
preferred embodiment of the invention. A source of 
variable frequency, variable duty cycle modulating 
signals is provided, and is operatively connected, 
through a switch or other means, to the light emitting 
diode to cause it to selectively conduct current in re 
sponse to the modulating signal. A charging path is 
provided for the controlled charging of the capacitor, 
for example during the intervals when the light emitting 
diode is not conducting, such that the charge on the 
capacitor varies approximately inversely with changes 
in the duty cycle of the modulation of the light emitting 
diode, to thereby maintain the average power of the 
light emitting diode relatively constant, despite varia 
tions in the frequency and duty cycle of the emitted 
light. 
BRIEF DESCRIPTION OF THE DRAWIMG 

In the drawing, FIG. 1 is an electrical schematic 
diagram of a scanner system utilizing the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The system shown in the drawing includes a transmit 
ter circuit 10 and a receiver circuit 11, although the 
present invention is concerned primarily only with the 
transmitter portion. Transmitter circuit 10 and receiver 
circuit 11 can be mounted in separate housings for oper 
ation spaced apart from one another, or they can be 
mounted in the same housing for operation with a retro 
reflector, as is generally known in the art. 

For convenience of description, transmitter circuit 10 
can be further broken down into an oscillator portion 
which consists of integrated circuit 20 and associated 
components, and an output section which consists of 
LED 40 and associated components. Any type of oscil 
lator may be used for generating the pulses for the 
pulsed mode operation which are then used to drive the 
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LED 40. In the preferred embodiment, a type 555 
monolithic timing circuit, for example a Motorola MC 
1555 or equivalent, is used for this purpose. Timer 20 is 
provided with external connections and components to 
operate in an astable mode, as is generally known. Spe 
cifically, variable resistor 21, resistors 22 and 23 and 
capacitor 24 are provided for this purpose. Variable 
resistor 21 and resistor 22 are connected in series be 
tween a power lead 26 and a lead 28 which connects to 
the "discharge' terminal of IC 20. Resistor 23 connects 
from lead 28 to a lead 29 which connects to the "thresh 
old' terminal of IC 20. Capacitor 24 connects from lead 
29 to ground lead 27. A suitable power supply 25 is 
connected to power lead 26 for providing operating 
potential for the circuit, for example 5 volts DC in the 
preferred embodiment. Power and ground connections 
are also provided to IC 20. 
The signal output of timer 20 is connected to lead 30. 

A branch of this lead goes to the receiver, and a branch 
connects through resistor 46 to the base of transistor 44. 
The emitter of transistor 44 connects to a branch of a 
lead 43, and the collector connects to resistor 47 and 
also to the base of transistor 45. The other side of resis 
tor 47 connects to signal ground, as does the emitter of 
transistor 45. 
The light emitting element is LED 40, and its anode 

connects to lead 43 and its cathode connects to the 
collector of transistor 45, so that that transistor can 
control the switching of current through the LED. The 
operating current for LED 40 comes from a secondary 
power source 41, which, in the preferred embodiment, 
is in the form of a capacitor connected between lead 43 
and signal ground. An impedance, which in the pre 
ferred embodiment is a resistor 42, connects between 
power supply 25 and the secondary power source, ca 
pacitor 41. 
The receiver circuit 11 is indicated in block diagram 

as follows. A sensing element in the form of a photodi 
ode 60 is positioned to receive the light being emitted by 
LED 40 and is spaced therefrom along an optical path 
through which the objects to be detected will pass. 
Signals from photodiode 60 are connected to the input 
of an adjustable gain amplifier 61, whose output at lead 
62 connects to a digital demodulator 67. Demodulator 
67 also receives clock pulses on a branch of lead 30 from 
the timer. The output of the device is at lead 65 which 
provides a useful output signal corresponding to the 
presence or absence of an object in the light path, as is 
generally known. Logic functions can be included in 
the receiver to provide on-delay, off-delay, light oper 
ate, dark operate, etc. and other logic functions as are 
generally known in the art. 
The receiver circuit shown is representative only, 

since many different receiving schemes are possible. 
For example, instead of the digital demodulator, an 
integrator type demodulator could be provided which 
would integrate the received pulses over time. In that 
case, however, the integration time constants would 
have to be changed for different desired response times. 

In the operation of the system, timer circuit 20 and 
associated components operate as an oscillator to pro 
duce an output signal at lead 30 consisting of a train of 
negative going pulses, as suggested by waveform 31. 
Capacitor 24 charges through resistors 21, 22 and 23 
until it reaches the threshold voltage of the timer 20. 
The output at lead 30 then goes low, discharging capac 
itor 24 through resistor 23, which is internally switched 
to ground. The width of the individual pulses is deter 
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4. 
mined by capacitor 24 and resistor 23, and in the pre 
ferred embodiment is held fixed at a safe minimum value 
required for the operation of the receiver, for example 
10 microseconds. The charge time is determined by the 
combination of resistors 21, 22 and 23 and capacitor 24, 
and resistors 21 and 22 are chosen much larger than 
resistor 23 to give an overall frequency of operation of, 
for example, 400 ha to 4 khz. 
When the pulse signal at 30 goes low, transistors 44 

and 45 are turned on which allows current to flow from 
the secondary power source, capacitor 41, through 
LED 40 causing it to emit light. At the end of a pulse at 
lead 30, transistors 44 and 45 are turned off, terminating 
the light pulse. In the preferred embodiment capacitor 
41 is chosen to be large enough so that it loses only a 
small percentage of its voltage during a single pulse. 
The power control impedance, resistor 42, allows a 
controlled recharging path for the secondary power 
source, capacitor 41, during the off time of the cycle. 
The emitted pulses from LED 40 are received by 

receiver element 60 (assuming no obstruction) and are 
amplified producing a pulse train at lead 62 as suggested 
by waveform 63. This is compared by digital demodula 
tor 67 to the clock frequency from the timer, and when 
a predetermined number of pulses are received, for 
example N equals 4, the output 65 changes state as sug 
gested by waveform 66. Assuming a range of frequency 
adjustment for the transmitter of from 400 hz to 4 khz, 
as discussed above, and assuming a demodulator count 
of 4 pulses for change of state, the time response of the 
system would be 10 milliseconds at 400hz, or 1 millisec 
ond at 4 khz. 

Before describing the power considerations for LED 
40 of the present invention and the manner in which the 
secondary power source cooperates with it to vary the 
power inversely with frequency, it is illustrative for 
comparison purposes to first note the manner in which 
LED power is controlled in prior art scanners. In such 
systems the current is established through the LED 
either by connecting it through a current limiting resis 
tor to the power supply, or connecting it to a constant 
current transistor source. In most cases the current to 
the LED is made to be independent of changes in sup 
ply voltage, oscillator frequency, or other variables 
which might change the current or power through the 
LED. In a typical application with the frequency vari 
able from 400 ha to 4 khz in order to give a variable 
response time of from 10 milliseconds to 1 millisecond 
because of the fixed pulse duration of 10 microseconds, 
the duty cycle of the LED would vary from 0.4 percent 
to 4.0 percent. This means that the maximum current to 
the diode would have to be established in consideration 
of the high duty cycle at the high frequency setting, 
which means that at lower frequency settings the LED 
would be operating at less than the full power it is capa 
ble of. 

In contrast to the above described prior art devices, 
the present invention provides a means for automati 
cally adjusting the peak current delivered to the LED 
during a pulse approximately inversely proportional to 
changes in frequency, so that at a low operating fre 
quency, corresponding to a slow response time, the 
peak current is increased, thereby providing an increase 
in range (distance) for the scanner. In this manner a 
useful trade-off is provided between response time and 
operating range, or distance. This is achieved by operat 
ing the LED from the secondary power source pro 
vided by this invention. 
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In the preferred embodiment, the LED operates di 
rectly from the secondary power source, capacitor 41, 
without any current limiting resistor, and without any 
transistor constant current source. Transistor 45 acts 
only as a switch. The current through LED 40 is deter 
mined by its own internal impedance, which can be 
determined from the forward voltage versus forward 
current specifications for the LED. For example, a 
General Electric F5D1 gallium aluminum arsenide in 
frared emitting diode has a forward current of about 1 
amp for a 4 volt supply, and 250 milliamps for a 2.5 volt 
supply. Through appropriate selection of the power 
control resistor 42 and the secondary power source 
capacitor 41, these two values can be used for the end 
limits for the circuit shown in the FIGURE as the fre 
quency is increased from 400hz to 4 khz. At the higher 
frequency, charge is removed faster from the capacitor 
and the voltage will stabilize at about 2.5 volts; at the 
lower frequency, the voltage stabilizes at about 4 volts. 
Power control resistor 42 is chosen so that the power 
rating of the LED is never exceeded, and this value is 
about 100 ohms in the example given. 
Thus, at the low frequency setting of 400 hz in this 

example, the peak power of the LED is 4 watts, and the 
average power at a duty cycle of 0.4 percent is 16 milli 
watts. At the high frequency setting of 4 khz, the peak 
power of the LED is 625 milliwatts, and the average 
power at a duty cycle of 4.0 proent is 25 milliwatts. 
Thus the average power of the LED is allowed to vary 
only a small amount-from 16 milliwatts to 25 mil 
liwatts-as the frequency, duty cycle, response time 
and peak power are varied over an approximately 10 to 
1 range. This adjustment of power to LED 40 is done 
automatically by the circuit in response to the operating 
frequency, which may be varied at will. The automatic 
power adjustment is accomplished through the action 
of secondary power source 41, impedance 42 and the 
LED without requiring any adjustable or switchable 
components. Only the frequency control resistor 21 is 
variable, and it does not need to be a precision compo 
nent. 
A further benefit of the invention is reduced sensitiv 

ity of the circuit to variations in the impedance of indi 
vidual LED's over a large sampling. With a conven 
tional constant current transistor source driving the 
LED the highest power dissipation would occur with 
an individual LED that has the highest impedance, 
since the dissipated power is the constant current 
squared times impedance times duty cycle. Such prior 
art circuits must thus be designed for safe operation 
with the worst case highest impedance LED. However, 
in the present invention, higher impedance LED's auto 
matically tend to dissipate less power than they would 
under constant current driving, and the interrelation 
ship between LED impedance, current and average 
voltage appearing at the capacitor tends to make the 
circuit less sensitive to variations in LED impedance. 

It will be appreciated that the frequency, voltage, 
power, etc. figures discussed above are by way of exam 
ple only, and not by way of limitation, since through 
suitable design and selection of components different 
ranges can be accommodated through the use of the 
same principles. 
The invention can be used in the design of a series of 

scanners in which the frequency and response time are 
adjusted either by a potentiometer as shown, or by one 
or more switching type contacts. It is believed that 
inventories of the manufacturer, distributor and cus 
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6 
tomer can be reduced by at least 50 percent, resulting in 
a cost savings. A further saving is realized in the situa 
tion wherein a user discovers, after a scanner has been 
installed, that the response time is too long or the range 
is too short. The situation can easily be corrected 
through the use of this invention by adjustment of the 
device as described above, thus avoiding lost installa 
tion time, damaged goods and restocking charges. 

It is also possible to use the invention in a scanner 
having a fixed gain amplifier in the receiver. n such a 
case the frequency control would effectively be a sensi 
tivity adjustment for the system, where reducing the 
sensitivity would automatically also reduce the re 
sponse time. 
Numerous variations in design and application of 

scanners will occur to those skilled in the art, within the 
scope of this invention. 
What is claimed is: 
1. A modulated light source for a photoelectric con 

trol, comprising: 
means for providing a variable frequency, variable 
duty cycle pulsed modulating signal; 

a light emitting diode; 
a power source for supplying electrical energy to said 

light emitting diode; 
means operatively connected for selectively causing 

said light emitting diode to conduct current from 
said power source in response to said pulsed modu 
lating signal; and 

means for providing electrical energy to said power 
source at a controlled rate such that the power 
supplied to said light emitting diode from said 
power source on each pulse varies approximately 
inversely with changes in the duty cycle of the 
pulsed modulating signal, thereby maintaining the 
average power of the light emitting diode rela 
tively constant. 

2. A modulated light source for a photoelectric con 
trol, comprising: 
means for providing a variable frequency, variable 
duty cycle pulsed modulating signal; 

light emitting diode; 
a power source including a capacitor connected to 

supply operating potential for said light emitting 
diode; 

means operatively connected for selectively causing 
said light emitting diode to conduct, current from 
said capacitor in response to said pulsed modulat 
ing signal; and 

means for providing controlled charging of said ca 
pacitor such that the charge of the capacitor varies 
approximately inversely with changes in the duty 
cycle of the pulsed modulating signal, thereby 
maintaining the average power of the light emitting 
diode relatively constant. 

3. A modulated light source according to claim 2 . 
wherein said variable pulsed modulating signal consists 
of variable frequency, variable duty cycle pulses having 
a constant pulse duration. 

4. A modulated light source according to claim 2 
wherein said means for providing controlled charging 
of said capacitor comprises a further power supply, and 
an impedance connected for supplying current from 
said further power supply to said capacitor. 

5. A modulated light source according to claim 2 
wherein said means for selectively causing said light 
emitting diode to conduct comprises a switching ele 
ment in series connection with said light emitting diode 
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and said capacitor without a load impedance for said 
light emitting diode. 

6. A modulated light source according to claim 2 
wherein said capacitor discharges only a small percent 
age of its charge on each pulse. 

7. A modulated light source for a photoelectric con 
trol, comprising: 
means for providing a pulsed modulating signal 
which can be varied in frequency and also in duty 
cycle; 

a light emitting diode; 
a capacitor for supplying operating potential for said 

light emitting diode; 
switching means and means connecting said switch 

ing means in series circuit with said light emitting 
diode and said capacitor, said switching means 
operative in response to said pulsed modulating 
signal to cause said light emitting diode to conduct 
current from said capacitor and thereby emit corre 
sponding pulses of light; and 

means including an impedance connected for provid 
ing recharging current to said capacitor so that the 
average charge of the capacitor decreases with 
increases in the duty cycle of the pulsed modulat 
ing signal and vice versa to maintain the average 
power of the light emitting diode relatively con 
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8 
stant as the frequency and duty cycle of the modu 
lating signal are changed. 

8. A modulated light source for a photoelectric con 
trol, comprising: 

signal means for providing a variable frequency, vari 
able duty cycle pulsed modulating signal; 

a power source for providing operating potential to 
said signal means; 

a light emitting diode; 
a capacitor for supplying operating potential to said 

light emitting diode; 
switching means connected in series circuit with said 

light emitting diode and said capacitor, and respon 
sive to pulses of said modulating signal to cause 
said light emitting diode to conduct current from 
said capacitor and to emit corresponding pulses of 
light; and 

an impedance connected for providing recharging 
current from said power source to said capacitor at 
a controlled rate such that the power supplied by 
said capacitor to said light emitting diode on each 
pulse varies approximately inversely with changes 
in the duty cycle of the pulsed modulating signal, 
thereby maintaining the average power of the light 
emitting diode relatively constant. 

sk s k k sk 


